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Abstract: The rise in income and population growth have increased the demand for food and 
induced changes in food habits, food purchasing and consumption patterns in Malaysia. With 
this transition, one of the plausible causes of weight gain and obesity is the frequent 
consumption of outside food which is synonymous with bigger portion size. Therefore, the aim 
of this paper is to develop a system dynamics model to analyse the effect of reducing food 
portion size on weight and obesity prevention. This study combines the different strands of 
knowledge comprise of nutrition, physical activity and body metabolism.  These elements are 
synthesized into a system dynamics model called SIMULObese. Findings from this study 
suggested that changes in eating behavior should not emphasize only on limiting the food 
portion size consumption. The efforts should also consider other eating events such as 
controlling the meal frequency and limiting  intake of high-calorie food in developing guidelines 
to prevent obesity. 
Keywords: System dynamics, portion size, obesity, SIMULObese 
PACS: 02.50.Le (Decision Theory) 
INTRODUCTION 
Obesity has become a public health problem in all parts around the world as well as 
in Malaysia [13]. A survey conducted by WHO in 2010 [6] reported that Malaysia 
ranked first in the highest obesity rate within the South-East Asia countries.  Obesity is 
a health concern that leads to reduced life expectancy, along with numerous other 
chronic health problems. It is quite alarming that obesity is not only associated with 
various health diseases but also to psychosocial problems [13]. This issue is getting 
serious in Malaysia; thus proper research is imperative in order to suggest the 
population-based strategy for obesity prevention. However, studying obesity is a
challenging process due to its complex nature of the causes; there are many factors 
that lead in the development of obesity. Subsequently, obesity evolves in a non-linear 
fashion with time delays and feedback process making a contribution [16]. All these 
challenges lead to the needs to search for the best method which could tolerate these 
complexity issues.  
In the public health research, the randomized controlled trial procedure offers a 
significant contribution to obesity solution. However, this method is time consuming, 
too costly, having small sample sizes and sometimes shows no significant results in
weight, BMI and fat reduction [20]. Thus, it is suggested that modelling is an 
alternative approach which can be less costly and can adequately consider the 
complexities involved. The application of statistical, mathematical and non-SD 
simulation techniques are useful, especially in predicting trend and in estimating the 
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relationships among factors. However, some of these quantitative techniques are 
limited by cause and effect interrelation of the influencing factors. Another limitation 
is the scope of study, which is usually concentrated on a specific area of investigation. 
For the ultimate solution, the proposed approach should consider all the relevant 
factors, which are analysed and experimented in a single analytical environment. One 
of the suitable approaches is a system dynamics (SD) simulation modelling. In this 
study, SD is used both for understanding and experimenting purposes. The advantage 
of SD is the structure of a complex problem is analyzed from feedback structure [9]. 
Realizing the negative consequences of obesity to various life aspects, the 
population-based prevention approaches are needed to combat obesity. In general, 
there are various factors that influence obesity[13]. From the nutritional perspective, 
Malaysia has undergone a considerable socioeconomic transition in recent decades 
where the rise in income and population growth triggered an increased in demand for 
food and induced changes in food habits, food purchasing and consumption pattern 
[17]. Due to this transition, our society are exposed to the regular consumption of 
outside food, e.g. fast food meals which is synonymous with bigger portion size 
[15,18,19]. Thus, the aim of this model is to develop a system dynamics model to 
analyse the effect of controlling food portion size as the obesity prevention effort. 
The rest of the paper is organized as follows: The review on the issue of the effect 
portion size of obesity is discussed in the next section. Then, the methodology
employed in this study is also highlighted. Finally, the finding, limitations and future 
opportunities are also discussed. 
LITERATURE REVIEW 
Food portion size is one of the influencing factors in weight and obesity. The 
increase in the prevalence of obesity has coincided with an increase in portion size. A
number of studies reported that large portion size foods could lead to excess calorie 
intakes [7,18,19]. With an increase consumption of store-bought meals, it is likely that 
consumers are being exposed to larger portion sizes [15]. Most of the outside food 
establishments normally offer larger food portions. From a consumer viewpoint, these 
offers are perceived as value-for-money as they can get more food for per purchases.
The question is, if consumers are served with  larger portion size, are they expected to 
eat more? To answer this, [18] conducted an experiment on adults by offering them 
macaroni cheese in four different portion sizes: 500g, 625g, 700g and 1000g. A later 
study by [19] attempted to investigate the impact of increasing portion sizes on the 
amount of energy intake. The subjects were given four different sizes of sandwiches
(6, 8, 10 and 12 inch) for lunch on various occasions. Both studies concluded that 
people tend to eat more when they are offered larger portion sizes, which contain  a
higher amount of calories due to the greater portion size.  
A study in a cafeteria-style eating establishment tested whether increasing the 
portion size of pasta without changing the price would affect consumption. Finding 
shows that an increase of 25% in consumption (664 kJ) for the chosen meal. 
Furthermore, a 50% increase in the portion size of pasta is associated with a 43% 
increase in energy consumption (719 kJ) for the pasta [7]. Meanwhile, [14] performed 
an experiment to study the effect of overeating stimulated by larger portion size. The 
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two-day experiment was done by increasing the portion sizes of all foods served to 
both male and female adults. The finding from this experiment established that calorie 
intakes for both men and women are increased between these two days when the 
component parts of all foods were doubled. 
METHODOLOGY 
Overview of System Dynamics 
In this study, SD modelling is applied to conceptualize and to model the obesity 
problem. SD is an approach to understand the changes in behaviour of the complex 
problem over time. It is a decision making tool related to policy decisions. SD method 
was pioneered by JW Forrester and was first devised in the 1950s. The basis of SD was 
originally derived from feedback control theory, which included both hard 
(quantitative) and soft (qualitative) approaches in analysing the dynamic changes to a
behaviour system [9]. The advantage of SD is the complexities and the dynamics of 
obesity system is analysed from non-linear functions, delays and multiple interactions 
of feedback processes [21].  
There have been several outstanding obesity studies using SD approach. The work 
of [2] assessed the factors of dietary intake and exercise and how these components 
interact to determine adult body weight and body composition. In 2004, [11] modelled 
the impact of the caloric imbalance on changes in body weight and BMI of the adult
population in the USA. The SD model described in [1,4,5] is slightly different in terms 
of the components included in both energy intake and physical activity. The model 
measures total energy intake by investigating the number of meals and the portion size 
of meals consumed at school, home and outside establishments. 
Modelling Process 
The overall SD modelling of the obesity system consists of five stages [21]. In the first 
stage, the problem must be clearly defined through the process of identifying the 
objective, scope of the problem and the time horizon setting. In this study, the time 
horizon is specified between 1996 and 2020 with the time step of 0.0625. Once the 
problem has been clearly characterized over an appropriate time, the dynamic 
hypothesis is established (2nd stage).  The dynamic hypothesis is a framework to
explain on the structural assumption on the problematic behaviour. The framework 
called sub-sector diagram presented in Figure 1 is developed using the causal loop 
diagrams. It is a tool to aid in visualizing and analyzing a system’s structure and 
behavior qualitatively. For a more detailed quantitative analysis, a causal loop diagram 
is transformed into a stock and flow diagram. Stock and flow model helps in studying 
and analysing the system quantitatively and such models are usually built and simulated 
using computer software [21]. In the model development stage (3rd stage), a model
called SIMULObese is successfully developed using VensimTM software. It includes
various stocks and flows diagram with the appropriate equations for the variable
linkage. Most of the information about the parameters and initial values was collected 
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from the review of literatures. The process continues with a series of tests (4th stage)
conducted on the model’s behaviour and structure as suggested by [3], [10] and [21].
These tests are executed to build confidence in the model. Since this study is in an 
ongoing process, the model is validated with limited testing. Currently, the 
SIMULObese model has successfully passed the dimensional consistency and extreme 
condition tests. The final stage is the evaluation process. In this stage, the model is used 
to design and evaluate policies for system improvement. The experiments in this study 
are conducted with some changes on the selected parameters based on sensitivity 
analysis testing. Theoretically, there are several parameters that could be used in the 
model. However, we focused only on the three food parameters related to portion size.
The parameters are fractional rate of carbohydrate, protein and fat portion size 
consumption from an outside meal. The fractional rate is the proportion of the portion 
size consumption per year. In this study, the physical activity parameters were 
maintained as a baserun and the experiment is only conducted on food parameters. 
    The overall modelling stage is an iterative process where the stages are repeated until 
the satisfactory results representing the real scenario for both structure and behaviour is 
achieved [21].
Structure of the Obesity Model 
In this study, the interactions between energy intake (EI), energy expenditure (EE) 
and energy balance (EB) are explored. Theoretically, EB is the difference between EI 
and EE. A change in EB is caused by the difference in EI and EE. In simple term, 
weight gain is caused by consuming more energy than the energy used. The result is a
weight loss if EI is less than the energy expended [8]. 
The basic structure for the overall obesity process is given in Figure 1. Since SD 
concentrated on the feedback loop, the framework is sketched using the causal loop 
(CL) diagrams to illustrate the feedback explanation of the system structure.
Generally, a CL diagram is connected through a set of variables in a linked path. The 
two types of CL are balancing and reinforcing loops.  It helps to stabilize and 
destabilize the system using either a positive (‘+’) or a ‘negative (‘-‘) symbol. A + sign 
on the arrowhead indicates that the head variable moves in the same direction (up or 
down) to the changes in the tail variable (constant). A – sign reflects that the head 
variable is affected in the opposite direction to the change in the tail variable 
(constant) [21].
This CL diagram has the unique insight on cause and effect explanation to 
hypothesize the workings of the obesity process. An increase in the amount of EI due 
to larger portion sizes or meal’s frequency consumed either from outside, fast foods or 
home-cooked meals resulted in an increase to the total EI and EB. On the contrary, 
adding the amount of energy burning through EE from the basal metabolism rate 
(BMR), thermic effect of food (TEF) and physical activity (PA) resulted in a decrease 
in EB. Increase in total EE is influenced by the amount of EI. Increment in the EI
leads to increases in TEF as well as EE.  
Average daily EB is derived from the difference of EI and EE and measured using 
calories per day unit. Since EB is the difference between both EI and EE, changes in 
any of these energy affect the changes in EB. The overall obesity mechanism is 
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discussed using EB; its impact on average weight and BMR is described and marked 
by the balancing loop symbol (see Figure 1). A daily positive EB is stored in muscle 
or fat. An increased in body weight itself will cause a higher EE; a specific energy 
from the BMR. An increase in BMR energy will simultaneously raise total EE, which 
in turn tends to bring EB back to zero. This balancing loop prompts weight to reach a 
new EB in the long run in order to adjust to any changes in the EI or PA energies. 
Equivalence between EI and EE (equilibrium in EB) will ensure no weight change.  
The entire process is lengthy.  It could be years for changes in the average weight 
of the population to take effect [1]. The model is calibrated in years, and the changes 
in daily EB and weight variability are smoothed out to produce a gradual weight 
change in per annum. Since eating and performing PA is a daily process, the model 
computes EI and EE in daily units to aid understanding and to reflect a common health 
nomenclature. The correlation between weight and BMI is derived using the BMI 
formulae of  [12]. The more weight an individual carries leads to a higher BMI value. 






























































FIGURE 1. The interaction between food consumption with the weight and obesity 
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SIMULATION FINDINGS 
Base Run Model 
Since this is still a work-in-progress research, the results presented here is only partial
findings which still can be modified. The base run model highlighted that the increase 
in daily EI is a result from greater portion size consumption of fat, carbohydrate and 
protein from outside food. With the increase in EI recorded between 1996 and 2013,
an increase in average weight (AW) is detected and observed over the years. This 
trend is projected to increase by 2020. Similar trends were simulated and projected for 
average BMI (ABMI) and prevalence of overweight and obesity (POVB).   The trend 
started with a gradual rise at the early years (1996-2004) followed by significant 
changes in the last fifteen years (2005-2020). 




































1996 2000 2004 2008 2012 2016 2020
Time (Year)
"Av. Body Mass Index" : baserun kg/(metre*metre)1 1 1 1
"Av. Weight" : baserun kg2 2 2 2 2 2 2 2
"Obese + Overweight (OVB)" : baserun person3 3 3 3 3
Daily energy intake : baserun kcals/day4 4 4 4 4 4 4
FIGURE 2. The relationship between energy intake and future trends of AW, ABMI and POVB
Experiment Result 
The result is presented based on the two scenario experiments. In the first 
experiment, the parameter of fractional rate in carbohydrate, protein and fat 
consumption from outside meal is reduced to 50%. In the second experiment, these 
three parameters are reduced again to 70%. The effect of the reduction on AW, ABMI 
and POVB is analysed and the results are presented in the Table 1 below.  
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TABLE 1. The comparison of the AW, ABMI and POVB measurement from the two scenario 
experiments in 2030 (Exp1=Experiment 1; Exp2=Experiment 2) 
Measurements Year (2020)
Base run Exp1 Percentage of 
change (%)
Exp2 Percentage of 
change (%)
AW (kg) 71.57 70.74 1.1 70.51 1.4
ABMI (kg/m2) 26.30 25.99 1.1 25.91 1.4
POVB (%) 43.58 42.48 2.5 42.19 3.1
DISCUSSIONS 
This paper highlighted the contribution of SD modelling to conceptualize and to 
analyse the effect of reduction in food portion sizes as one of the population-based 
prevention approaches for obesity. SD modelling is a useful approach to investigate 
the complex and dynamic system such as obesity. Subsequently, the capability of SD 
to develop understanding about the obesity mechanism and to take decisions 
associated with controlling portion size is highlighted in this study. The SIMULObese 
model enables decision-makers and publics to quickly assess the effect of changes in 
reducing portion size on AW, ABMI, and POVB. 
One of the weight management and obesity prevention efforts should focus on 
reducing the portion sizes of the food [12]. However, findings from this study found 
that there are slight changes observed in the AW (1.1%-1.4%), ABMI(1.1%-1.4%)
and POVB (2.5%-3.1%) even though substantial reductions were made (between 50% 
and 70%) to the portion sizes’ consumption. There are two justifications for this 
outcome. Despite the portion size reduction, the population still engages in less PA 
activities. This will complicates the effort to reduce weight and obesity issues. 
Secondly, the energy consumption is not only influenced by the portion size factor.
Therefore, this study suggests that the population-based strategy and efforts to prevent 
weight and obesity prevention problems should not accentuate only on limiting the 
food portion size consumption, but should also consider the other eating events such 
as controlling meal’s frequency and limiting intake on high-calorie food [12]. 
LIMITATIONS & FUTURE WORKS 
The main limitation of this research is the lack of data on nutrition. Currently, this 
research is mostly based upon the data collected from the review of  literature and the 
input obtained from nutritional and health experts. Apart from the limitation, this 
paper highlights future opportunities. As this research is a work-in-progress study, and 
the model is executed with limited testing; we aim to collect more data on nutrition 
and to validate the model with the nutritional experts in order to improve and to build 
greater confidence on the result.
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